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Structure	  of	  a	  chimericEnvZ,	  visualizing	  his7dine	  kinase	  
autophosphoryla7on	  and	  deciphering	  cis-­‐trans	  direc7onality.	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   INTRODUCTION	  
Reversible	  protein	  phosphoryla1on	  is	  the	  most	  wide	  spread	  regulatory	  mechanism	  in	  signalt	  ransduc1on.	  In	  two-­‐component	  systems,	  the	  main	  signal	  transduc1on	  
mechanism	   in	   bacteria,	   the	   signaling	   process	   starts	   by	   the	   autophosphoryla1on	   of	   a	   conserved	   his1dine	   in	   the	   sensor	   his1dine	   kinase	   (HK).	   Transfer	   of	   the	  
phosphoryl	   group	   from	   the	  HK	  his1dine	   to	   a	   conserved	   aspar1c	  of	   its	   cognate	   response	   regulator	   (RR)	   propagates	   the	   signal	   and	   triggers	   the	   cellular	   response.	  
Prototypical	  HKs	  are	  membrane	  bound	  homodimers	  with	  two	  structurally	  conserved	  cytoplasmic	  domains:	  DHp,	  is	  formed	  by	  two	  long	  helices	  (α1	  and	  α2)	  where	  α1	  
contains	  a	  phosphorylatable	  conserved	  His	  residue,	  and	  CA,	  which	  binds	  ATP.	  Autophosphoryla1on	  could	  either	  proceeds	  via	  cis-­‐,	  the	  autophosphoryla1on	  occurs	  by	  
an	  intra-­‐subunit	  manner,	  like	  HK853,	  or	  trans-­‐	  mechanism	  which	  implies	  an	  inter-­‐subunit	  autophosphoryla1on,	  like	  EnvZ.	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To	  check	  whether	  this	  diﬀerent	  topology	  and	  size	  on	  the	  α1	  and	  α2	  connec1on	  are	  involved	  in	  the	  autophosphoryla1on	  direc1onality	  of	  HKs,	  we	  interchanged	  the	  
apex	  of	  the	  DHp	  domain	  (darker	  hues	  in	  the	  structure)	  between	  EnvZ	  and	  HK853	  to	  generate	  EnvZchim	  and	  HK853chimand	  we	  analyzed	  func1onally	  (leS)	  and	  structurally	  
(center).	  The	  	  apex	  DHp	  connec1on	  is	  iden1cal	  	  that	  in	  	  the	  HK853	  structure	  despite	  only	  represent	  the	  	  9%	  of	  the	  molecule.	  
	  
CIS	  or	  TRANS	  
AUTOPHOSPHORILATION	  
Based	  on	  the	  EnvZchim	  structure,	  	  we	  selected	  
and	  mutated	  to	  alanine	  residues	  involved	  in	  
interac1ons	   with	   the	   phosphorylatable	   His	  
and	   the	  ATP	  γ-­‐phosphate	   in	   the	  model	  HKs	  
HK853	  and	  EnvZ.	  
Autophoshoryla1on	   analysis	   of	  
HK853,	  HK853chim,	  EnvZ	  and	  EnvZchim	  
heterodimers	  	  which	  are	  formed	  by	  a	  
long	   (grey	   L)	   and	   a	   short	   (black	   S)	  
form.	   L	  and	  S	   indicate	   the	  wild	   type	  
forms,	   Lø	   contains	   a	  muta1on	   in	   CA	  
that	   impairs	  ATP	  binding	  and	  kinase	  
ac1vity,	   and	   Sø	   contains	   a	  muta1on	  
in	  phosphorylatable	  His	   that	   impairs	  
its	  phosphoryla1on.	  
Nucleo1de	  biding	  aﬃnity	  
determina1on	   by	   ITC	  
(leS)	   and	   kinase	   assays	  
(down)	  for	  wild-­‐type	  and	  
ac1ve	   centre	   mutant	  
forms	  of	  HK853	  and	  EnvZ	  	  
(only	  ac1vity).	  	  
HK853	  and	  EnvZchim,	  that	  has	  the	  	  
DHp	   apex	   of	   HK853,	   showed	   cis-­‐	  
autophosphorila1on	  while	  EnvZ	  and	  
HK853chim	  ,	  that	  has	  the	  DHp	  apex	  of	  
E n v Z , 	   s h o w e d 	   t r a n s -­‐	  
autophosphorila1on.	   So	   the	   DHp	  
apex	   imposes	   autophosphoryla1on	  
direc1onallity.	  	  
	  
PROPOSED	  CATALYTIC	  MECHANISM	  FOR	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The	   EnvZchim	   structure	   showed	   that	   the	   phosphoryl	   transfer	  
between	  ATP	  and	  His	  might	  proceed	  by	  an	   in-­‐line	  mechanism	  
where	  the	  conserved	  acidic	  residue	  aSer	  phosphorylatable	  His	  
acts	   as	   a	   general	   base	   assisted	   by	   a	   conserved	   polar	   residue	  
placed	  in	  the	  CA	  domain.	  The	  transfer	  of	  the	  phosphoryl	  group	  
is	   facilitated	   and	   stabilized	   by	   the	   interac1on	   with	   the	  
conserved	  Gly-­‐rich	  main-­‐chain	   amides	  of	   the	  G2	  box,	   and	   the	  
nega1ve	  charge	  in	  the	  product	  ADP	  β-­‐phosphate	  is	  neutralized	  
by	  a	  conserved	  posi1ve	  charged	  residue	  in	  the	  ATP-­‐lid.	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Our	  structural	  and	  func1onal	  results	  indicate	  that	  HKs	  present	  a	  conserved	  autophosphoryla1on	  mechanism	  ,	  regardless	  of	  the	  direc1onality	  of	  the	  reac1on.	  	  
	  
